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CHAPTER 1

a Resource Planning Process
for
Georgia’s Coast

by

Lillian F. Dean
Resource Planning Section
Office of Planning and Research
Department of Natural Resources

Purpose of Background Papers

Identification of the values and vulnerabiliyies of natural
resources is an important first step in resource planning.
Policies and programs for managing and utilizing resources
should be based upon such information. The purpose of these
background papers is to highlight important characteristics
of Georgia's coastal resource features and systems including
resource values and vulnerabilities.

A resource system 1s a unified physical or biological
environment that is characterized by interacting features and
subcomponents and dynamic flows. Beaches, sand dunes and

offshore sand bars, for example, are classified as a system



because of the dynamic sand flows that link the individual
subcomponents of the system together. A resource feature is a
single characteristic of the environment that can be displayed
on a map. Resource features, such as soils, vegetation, and
topography,ére importaﬁt elements of resource systems:

An individual background paper has been written for each
of the following systems and features:

Coastal Resources Systems:

*# Coastal Beaches, Sand Dunes and Offshore Sand Bars
* Coastal Island Ecosystems

* Fresh Water Ecosystems

* Ground Water Conditions (aquifers)

* Coastal Marshlands (excerpted from An Ecological
Survey of the Coastal Region of Georgia, with permission)

* Estuarine and Open Marine Waters (excerpted from An
Ecological Survey of the Coastal Region of Georgia,
wilth permission)

Coastal Resource Features:

* Soils

* Vegetation

* Wildlife

* Cultural Resources (Historical and Archaeological)
Although separated into individual papers, many of these resource

systems and features are interrelated,

A Resource Assessment for Georgia's Coast

In order to assess the importance of natural resources,

as well as the conflicts and compatibilities between man's



activities and coastal resources, coastal natural resource.
planning is being undertaken by the Georgia Department of
Natural Resources, in cooperation with other federal, State
and local agencies participating in the Coastal Zone Management
Program. The purpose of resource assessment is to provide
background information on natural resource capabilities and
on the environmental impact of proposed activities. This
information is essential for the development of coastal
policies and programs.

Resource analysis terms must be defined carefully before
they can be used. The following definitions are being used
in coastal resource assessment:

Value - The contribution of an ecosystem or resource
feature to the cultural or biological )
environment, especially contributions which
affect the public health, safety and welfare.

Vulnerability - The natural sensitivity or suscepti-

bility of an ecosystem or resource feature
to change.

Capability (also called carrying capacity) - The ability
of an ecosystem or resource feature to support
a particular use or activity, based upon the
natural characteristics of the resource.

Environmental impact - The type of change in the eco-
system or resource feature caused by a specific
use or activity.

Compatibility - The degree to which two activities or
uses can co-exist in harmony with each other.

Suitability - The appropriateness of a proposed
activity for a particular resource or location,
based upon a variety of factors. (Usually
these factors include social, political, and
economic considerations, as well as natural
resource considerations.)




These terms, in turn, help to define the steps in a resource
assessment process.

Step 1 - Assessment of Value: An important prerequisite

to the development of plans and programs is an identification
and understanding of the multiple values of coastal ecosystems
and resource features. As expressed in the Congressional findings
of the Coastal Zone Management Act, "the coastal zone is rich
in a variety of ... resources that are of value to the present
and future well-being of the Nation." An understanding of the
value of resources to the health, safety and welfare of Georgia
citizens leads in turn to an understanding of why management

of the resource by various levels of government is important.
Although values may be defined in both quantitative and
qualitative terms, descriptive qualitative terms are commonly
used due to a lack of information dabout dollar values.

Step 2 - Assessment of Vulnerability: Vulnerability

factors relate to the basic forces that provide energy tc the
ecosystem. They ae the "lifelines" of the ecosystem, without
which the system would not exist. Hence they provide essential
information for capability analysis and environmental impact
assessment. They aredefined innatural terms, without a
specific use or activity in mind. Information on ecosystem
vulnerability can be interpreted most readily from scientific
reports.

Step 3 - Capability Analysis (or Carrying Capacity): The

most difficult step in a resource assessment process is the

a



identification of the abllity of tle resource to support a
particular activity. Extremely fragile resources can support
only a few "low-impact" activities without causing great changes
in the system. Other resources can sustain a wide variety of
activities.

Important prerequisites for a capability analysis are:
(1) a precise definition of the use or activity being considered;
(2) information about resource vulnerabilities; and (3) an under-
standing of how resource features can be displayed on a map to
reflect vulnerabilities. The capability analysis is an assess-
ment of the amount and type of certain activities which can
be supported without changing the ecosystem. Capability analysis
can greatly assist the appraisal of environmental impact. In
turn, any information available on environmental impacts contri-
butes to capability analysis.

Step 4 - Environmental Impact Assessment: Information

concerning the values and vulnerabilities of coastal ecosystems

and the capability of natural resources to support various

activities is useful in evaluating environmental impact. The

accuracy of the environmental impact assessment is determined

by the accuracy of the information on vulnerability and capability.
A variety of methodologies for assessing environmental

impacts have been used in the past, such as checklists, computer

models, matrices and networks and map overlays. The particular

method to be used should be selected carefully, bearing in mind

available time, funding and information. The impact assessment



identifies the nature of changes in resource systems or resource
features which will be caused by the proposed activity. The impact

assessment does not evaluate the significance of these impacts.

.Step 5 - Compatibility Analysis: The degree to which two

activities or uses can co-exist in harmony depends upon the
environmental impact of each activity. If one activity destroys
the resource base upon which another activity depends, then the
two activities are not compatible. Tor a comprehensive compati-
bility analysis, the social, economic and political factors

which affect activities (in addition to environmental factors)
should be considered. In fragile resource areas, such as coastal
marshlands or beach and sand dune systems, natural resource factors
play the major role in determining compatibility. In essence,
capability becomes equivalent to compatibility, since uses which
destroy the resource itself are not compatible with other uses
which depend upon the resource base.

Step 6 - Suitability Analysis: The appropriateness of a

proposed activity for a particular location should be determined
from a variety of factors. Capability analysis (as described
above) is in fact "natural" suitability. For a complete suita-
bility analysis, additional factors, such as economic demand for
certain activities, existing community uses and activities and
community goals, should be considered. The criteria that are used

in determining suitability should be established inan open forum



where many persons and groups may participate.

Resource Policies and Programs

All of the steps in resource planning, as outlined above,
provide information useful in developing policies and programs
for coastal resources. The steps of the analysis also provide
a factual basis for comparing alternative plans and programs.

Information about the capability of resources to sustain
certain uses, the compatibility of resource uses with each
other, and the suitability of proposed resource uses for pqrti—
cular locations (according to a variety of criteria) is especially
useful for developing policies for the use and conservation of
natural resources. However, these analyses are difficult to
accomplish without a careful consideration of resource values and
vulnerabilities.

A major purpose of this report is to make information on
resource values and vulnerabilities readily available to interested
officials and citizens. These papers summarize more lengthy
research reports and books, but contain selected bibliographies
for the reader interested in more detailed information about a
particular subject.

Management programs must be based upon an understanding of
resource values and vulnerabilities. A wealth of information
currently exists for the development of policies and programs
for coastal Georgia. However, all pclicies must be periodically
re-evaluated to incorporate new information and new societal

values.



CHAPTER 2

the Value and Vulnerability
of Coastal Beaches,
Sand Dunes, and
Offshore Sand Bars

By

George F. Oertel
Skidaway Institute of Oceanography

Introduction

Coastal dunes, beaches and offshore sand bars are all par:
.of an interacting and interdependent sedimentary environment.
Each of these areas is a separate sub-environment but each is
also dependent upon the two other parts of the system. In this
summary the terms beach, dune, offshore sand bars and shoals
will be used as defined below.

Beach - The relatively thick prism of loose sediment,
predominantly sand, located between the limits of lowest low
water and highest high water.

Coastal dunes - Mounds of sand deposited along a coastline

by eolian processes and often covered with sparse picneer vege-
tation. Coastal dunes are located landward of the limits of

highest high water and may extend into the tree line.



Primary dune ridge - The most seaward continuous dune ridge

running generally parallel to the shoreline.
Foredunes - Individual mounds of sand located seaward of the
primary dune ridge.

Semi-stable dunes -~ A variety of coastal dunes located

between highest high water line and the tree line. Mounds in
this zone are subject to periodic erosion by storm waves and

rebuilding by eolian processes.

Stable dunes - A variety of coastal dunes that have been

stabilized in position by a dense vegetative cover. These
dunes are generally located landward of the semi-stable dunes.

Offshore sand bars - Mounds of sand deposited by the

action of waves and currents. This sand moves up the beach slope
in response to wave action. Offshore bars are emerged during low
tide and submerged at high tide.

Offshore shoals - Submerged mounds of sediment that are

elevated above the surrounding surface of the ocean floor. In
this report they are defined as extending from -12 feet (mean

low water) to mean low water.
Since the dunes, beaches, and offshore bars are all part
of an interdependent sediment system, the system will be

referred to as the dune-beach-bar system within this technical

summary.

The extent of the dune-beach-bar system is variable, depending
on its location along the Georgia shoreline. In some eroding

areas there are no semi-stable dunes; only narrow beaches, and a

10



few small offshore bars. In other areas, zones of semi-stable
dunes are over 1000 feet wide, beaches are over 400 feet
wide, and large areas of offshore bars are over 3000 feet
from the shoreline. In general, these extremes are local

in occurrence and a complete gradient exists in between.

Nature of Existing Information

Information on the dunes, beaches and offshore bars of
the Georgia coast is scant. This is because much of the exist-
ing generalized information on dunes, beaches and offshore bars
may not apply to the unique Georgian environment. Some of
the parameters characterizing this environment include: 1) a
broad shallow Continental Shelf; 2) relatively low wave energy;
3) moderately high tidal ranges; 4) numerous islands and inlets;
and, 5) a large semi-diurnal aexchange of water between marsh-
- lagoons and shelf waters. Much of the early research neglected
these parameters and for this reason it is not entirely appli-
cable. Presently portions of the University System of Georgia
are conducting research on the interrelationships between
offshore bars and distributions of wave energy. The study of
processes relating sediment transfer between Georgia dunes,
beaches and bars is also still in the initial research stages.
The areas adjacent to Tybee Island and Sapelo Island have
received the most research attention because of their proximity

to the Oceanographic Institute and the Marine Institute,
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Reports on the Tybee work are available through the Marine
Extension Service on Skidaway Island, whereas, the reports of
work conducted on and adjacent to Sapelo Island may be found in
the collected reprint file of the Marine Institute on Sapelo
Island. Selected scientific publications by John Hoyt, V. J.
Henry, J. D. Howard and G. F. Oertel are also sources from
which valuable information can be extracted.

Although a good deal of data is available, much of it has
been obtained in order to answer some specific scientific question.
Relating this information to assessment of the value, sensitivity
and vulnerability of an ecosystem is difficult. Initially, environ-
mental inventories must be made to determine the natural or present
condition of the system. In some cases, this may involve detailed
surveys on numerous critical parameters, as has been and is being
done in the marshlands. Process studies for the shorelines are
also required, for erosion and accretion are natural phenomena

that apparently vary for each of the Georgia islands.

The Value of Dunes, Beaches and Offshore Bars

Dunes, beaches and offshore bars are valuable to many facets
of the environment. To thoroughly evaluate the true value of
these areas, we must consider them in terms of education, aesthe-
tics, ecology, recreation, tourism, sedimentology and property.

Many of these values are interrelated and, as such, are often

confused. While this report is intended to outline only

12



the sedimentologic value of dunes, beaches and offshore bars,
a few examples of other types of values may serve for purposes
of clarification.

Ecologically, the dunes serve as nesting grounds for turtles
and numerous species of birds. Numerous other animals live,
hunt and graze in the dunes. The beaches and offshore bars are
dwelling sites for polychetes, sand shrimp and various isopods,
decapods, bivalves and gastropods.

Aesthetically, the dunes, beaches and offshore bars offer
an unlimited wealth to artists, photographers and writers. The
flowing lines of the dunes capped by sea oats, the beach wifh
racks of straw, and the white water over offshore bars have pro-
duced pleasing subjects for many local artists. Every year
thousands of Georgians and other tourists also visit the shore
to enjoy this beautiful natural setting.

Educationally, the dunes, beaches and bars are a natural
classroom for geologic and ecological processes. The rela-
tionships and dependencies are easily seen between plant life
and animal life in the dunes, beaches and bars. The Savannah
Science Museum, the Georgia Conservancy, the Georgia Geological
Society, and portions of the University System of Georgia have
repeatedly visited the shoreline to describe the various physi-
cal and ecological processes of the area.

Recreationally, the shoreline serves large portions of
the local population for boating, bathing, surfing, sunning, etc.

These activities apparently play an important role in relieving

13



the social pressures of urban living.

All of the values described above enhance the tourist value
of the dunes, beaches and bars. Tourists are generally attracted
to the shoreline because of the aesthetic and recreational value
of this area; however, their activities on the shoreline often
result in a better understanding of the local ecology. Tourist
and recreational activities also often put stresses on the ecologi-
cal and sedimentological functions of the shoreline. For this
reason, planning and management programs for protecting these sys-
tems are important for the future.

From a sedimentologic point of view, the dune-beach-bar
systems of Georgia are valuable for at least three major reasons
(see Figure 2-1). First, the system is a barrier that protects
land behind it. Second, the system maintains a sediment budget
that determines the stability of the shoreline. Third, the system
dissipates the energy of major storm waves before the total energy
of these waves can be directed at the property above the beach.

The Barriers: Although offshore shoals and bars are not

present along the entire Georgia shoreline, there are some areas

of shoreline that illustrate extensive system of offshore shoals
and bars. These shoals and bars are the initial barriers to high
energy storm waves and much of the wave energy is diverted as waves
collide with these bars. In response to this diversion of wave
energy by the sand bars, sediment is often redistributed over the

surface of the bar by wave currents.



Figure 2-1

Basic Functions of a
Beach-Sand Dune- Offshore Sand Bar System

As illustrated in the three diagrams below, the Beach - Sand
Dune - Offshore Sand Bar System serves three basic functions.
(A), the system serves as a barrier to high energy storm waves;
(B), the system dissipates the force and energy of waves as they
move shoreward; (C), the system maintains a sediment budget
that determines the stability of the shoreline.
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The beach is the second barrier to high energy storm waves.
After some of the wave energy is diverted by moving across the
sand bars, the waves collide with beach. Since beaches are
inclined surfaces and waves generally approach at some angle to
the shoreline, wave energy is redirected along the shoreline in

the form of a longshore current.

During large storm surges, the dunes often function as the
last barrier to the sea. If this barrier is destroyed, then
the land and structures behind it may be inundated by flood
waters and storm waves. This last barrier also redirects the
energy of storm waves in an offshore direction or in an along-
shore direction. The redirection of wave energy by the dune
barriers generally results in the longshore flow of water.

Energy Dissipation: The dunes, beaches and offshore bars

are also natural devices that dissipate wave energy as waves
move landward. As described above, a portion of the wave
~energy is redirected parallel to the shoreline when it inter-
acts with the offshore bars. As waves cross over offshore
bars, a portion of the wave energy is also transferred into
the mobile sediment bed on the shoal surface. This transfer
produces a temporary suspension of sediment above the bottom
and a redistribution of sediment over the surface of the bar.
Redistributed sediment is often transported landward, thus

producing landward displacement of the bar.

When waves are squeezed into the shallower water over
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shoals, some of the waves "break" at the surface and
some wave energy is dissipated. The loss of energy is often

illustrated by white water or "white caps" along the crests

of waves. This is one reason why shorelines that are protected

by massive offshore shoal and bar systems appear to suffer less

erosion during storms than shorelines that are exposed to the
direct attack of waves.

The beach is the second major portion of the energy
dissipating zone of the shoreline. As noted above, beaches
are inclined surfaces, and as waves move up this inclined sur-
face, the orbital motion of water in waves is transferred to a
lateral motion (current). As a result of this transfer, some
wave energy is lost and the force of the waves is somewhat
diminished. The dissipation of wave energy at the beach is
easily observed as "rolling" waves are transformed into
"breaking" waves. The resultant longshore current often
carries a relatively large locad of sand parallel to the beach.
The periodic breaking of waves at the beach slope (swash)
and then rush back down the beach slope (backwash).

During very large storms, breaking waves may extend up
into the dunes and swash currerts may flow up the dune slopes.
Waves that reach the dunes are channeled through, over and
around foredunes. The reroutirg of water through this intri-
cate maze of foredunes further slows the water and dissipates

the eroding ability of the waves. The primary dune ridge,
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located landward of the foredunes, is a barrier to storm

wave surges all along the shoreline. When the waves collide
with the primary dune ridge, water rushes up the dune slope and
then slides back down. This dissipates wave energy further and
most of the wave surge 1is redirected seaward.

The Sediment Budget: The dunes, beaches and offshore

shoals and bars also maintain a sediment budget that determines
the stability of the shoreline. When a sediment deficit is
produced in this budget, the shoreline retreats by erosion.
When a sediment excess is produced, the shoreline advances
seaward by accretion.

AtAa stable shoreline, processes of both ercosion and accre-
tion maintain a dynamic equilibrium in the sediment budget.
For example, during portions of the year, erosional processes
may cause the shoreline to retreat; however, during other por-
tions of the year, depositional processes cause the shoreline
to advance seaward. The net change in shoreline position after
a complete year is often negligible; and the location of the
shoreline remains stable on & year to year basis. Sedimentary
processes governing this equilibrium involve sediment transfers
between the dunes, beaches and offshore bars. The "sand-sharing"
capabilities of each of these sub-environments are critical to
maintain the stability of the shoreline.

Each of these sub-environments undergoes a sequence of

sedimentary events during storm conditions arnd low energy

conditions. During low energy conditions, offshore bars migrate

18



landward. Low energy, long-period waves redistribute sediment
over the surface of fhe bars in a semi~continuous movement up
the beach slope. This results in the bars' attachment to the
uppermost portion of the beach. As more bars are "welded"

to the upper sections of the beaéh, the beach accretes seaward
to produce a broad, low-elevation, high-tide beach. During
storm conditions, the beach face is eroded and a part of the
sediment from the beach is transported seaward toward the
offshore bars. This redistribution of sediment or "sharing"
is necessary to maintain the stability of the shoreline.

It is also apparent from these processes that the beach
and nearshore zones have different pfofiles of equilibrium
during low energy conditions and during storm conditions. The
realization that the beach and nearshore topograrhy adjust
to the local energy conditions is very important for considering
the effects of various stresses on the system. For example,
the beach profile adjacent to a channel with high velocity
currents 1s steep, whereas the profile adjacent to a channel
with low velocity currents is gentle. Since the profile is in
equilibrium with the velocity of water flowing through the
channel, the channel will adjust to the pre-dredging form in
order to achieve equilibrium conditions between energy and
topography (see Figure 2-2). This adjustment will, in turn,
result in a lowering of the adjacent beach profile.

A sediment-sharing relationship also exists between the
beaches and the semi-stable dunes. During low-erergy condi-

tions when the beach is broad, the dry sand on the high tide
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Figure 2-2
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Figure 2-3

Sand Dune Stabilization with Vegetation

A Q?'SAND SURFACE

B . . ......SAND SURFACE

C ) ...SAND SURFACE

D . 7. ... SAND
SURFACE

<51RECTION OF_WIND]

Dune vegetation such as sea oats (Uniola Paniculata) binds
sand through the development of extensive horizontal and
vertical rhizome systems.

Source: Based on diagram in D. S. Ranwell, Ecology of Salt
Marshes and Sand Dunes, Halsted Press, 1973.
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portion of the beach is transported by the winds. When the
winds are offshore, sand is transported down the beach slope
and into nearshore waters where it is deposited or redistri-
buted by nearshore currents. When winds are in an onshore
direction, sand is transported up the beach face and is often
deposited in the dunes. This process also affects the incipient
development of new dunes. Mounds of beach straw that accumu-
late behind the spring tide berm are obstructions that disrupt
the lamina flow of air over the beach. As wind-blown sand
comes into contact with these obstacles, a portion of the
sediment is deposited in the straw mounds. These accumulations
of sand increase in size with time and form small foredunes.
Eventually, the sand may completely bury the straw mounds that
initiated their development. The proximity of these foredunes
to the sea deems them very vulnerable to erosion during even
very minor storms. If the shoreline is relatively stable, then
pioneer plants may spread into these dunes by rhizomatous
development or seed growth. The organic material buried in

the dunes holds moisture and supplies nutrients to seedlings.
Reiatively large plants that grow from the seedlings form

new wind baffles. These baffles disrupt the air flow in a
manner similar to that described for the straw mounds; however,
the plants are higher and disrupt more of the air flow. This
process produces more deposition of sand and accelerates
expansion of the foredunes. The accumulation of sand by this

process makes it less likely that foredunes would be completely
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destroyed during minor storms. If this process is left to
continue with only minor interruptions, foredunes may
coalesce and form a continuous dune ridge. Tall grasses and
large plants form the vegetative caps of these ridges, and
enhance the entrapment of much o the remaining sand that is
in windblown transport up the beach. The root systéms of the
grasses and plants also function as holdfasts that partially
secure the dunes and help to bind the loosely packed sand
grains together. The final result of the sediment-trapping
processes is the accumulation of relatively large quantities
of sand above the spring high-tide line.

During high energy, storm conditions, the beach face is
lowered as sediment is transported offshore into bars.
The lowering of the beach face also results in the retreat of
the shoreline. Eventually storm waves begin to attack the
berm and structures located progressively landward of the berm,
such as the mounds of straw and sand, the plant-covered fore-
dunes and the dune ridges. Sediment eroded from these struc-
tures can minimize the losses from the beach. The concept of
the equilibrium profile is also in effect in this zone. During
a storm, the equilibrium profile of the beach gets steeper as
the energy increases and sediment 1is transported offshore.
This adjustment often causes the shoreline to retreat and the
dune to erode. Sediment from the dunes is temporarily trans-
ported to sediment-poor portions of the beach that have

suffered from severe erosion. In minor storms, sand from the



foredunes and from a portion of the primary dune ridge is often
redistributed over the beach surface. In major storms, the
entire sediment reserves of the primary dune ridge and a por-
tion of the second dune ridge may be redistributed over the
beach face. Sediments from each successive dune ridge are
redistributed over the beach face as is required by the "sand-
borrowing" system between the beach and the dunes. Thus the
sand-borrowing system helps to maintain a profile of equili-
brium at the beach without an accelerated retreat of the shore-
line. After storms subside, sedimentary processes begin to-
restore the dune-beach-bar system to a profile of equilibrium
that is quasi-stable with daily low energy conditions. These
processes reconstruct the beach and dunes and prepare it for

the next series of storms.

Critical Features

There are a number of features that are critical to the
functioning of the dune-beach-bar system. Dune plants are one
of the more obvious features. If these plants are destroyed,
the accumulation of sand in coastal dunes is inhibited and the
recovery of dunes between storms is slowed down considerably
(see Figure 2-3). The stabilizing function of plant roots is
also critical for inhibiting the migration of dunes. Dunes
that are not partially stabilized by vegetation may migrate
considerable distances in response to winds. The migration of
dunes could in fact cause the burial of large structures

located down wind of dunes.
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The shapes of dunes and offshore sand bars also have a
considerable impact upon the function of the dune-beach-bar
system. The efficiency that a barrier has in protecting struc-
tures behind it is dependent upon its height, strength, and
continuity. If dunes and bars are reduced in height, their
effectiveness as a barrier is reduced. If the continuous
nature of a dune ridge is breached by a path or roadway, storm
surges can flow through these breaks and endanger structures
behind the ridges. Breaks also permit winds to transport
tongue-shaped dunes landward of the dune ridges. These tongue-
shaped dunes also present burial hazards to the structures
behind the dune ridges.

The shapes of offshore bars and shoals are also important
since they often determine the paths of tidal flow and ulti-
mately of sediment transport. For example, if the shape of a
shoal is altered in a manner such that it redirects current
energy, then sediment transport patterns are also likely to be
altered. The final result could potentially cause the shifting
of a navigational channel, or the accelerated erosion or accre-
tion of adjacent areas of beach. The response to changes in the
shapes of sand bars and shoals, would be quite variable with
actual changes depending on the specific case. However, it is
important to note that the geomorphic character of offshore
sand bars and shoals is a feature that is critical to the
functioning of this portion of the system. In this regard, the

shape of the bars and shoals must be considered in view of its
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effect on the function of these sand bodies as potential barriers,
energy dissipators, sediment reservoirs and as a pathway for
confrdlling the distribution of tidal energy.

There are several criteria that are very important to the
functioning of the dune-beach-bar system. One criterion is
the unhampered exchange of sediment among all parts of the
system. If barriers are established restricting the exchange
of sediment and wave and current energy between portions of
the system, then the efficiency of the system is endangered.
The unhampered exchange of sediment between all parts of the
system is of particular importance to the interrelated functions

of the dunes, beaches and banrs described above.

Sensitivity and Vulnerability

The dune-beach~bar system is self-adjusting to small
changes in physiography, sediment input and energy distribution.
This coastal sediment system is relatively sensitive to change
and responses can be seen in physiographic adjustments.

The type of stresses which affect the functioning of the
dune-beach-bar system are closely related to the critical
features described above. The most obvious stresses on the
system are the periodic increases in physical energy due to
storms. These increases may produce very radical changes in
the shoreline; however, much of the original form of the shore-
line may be restored during low energy conditions. In general,
storms produce cnly short term modifications to the shoreline;

however, locally, long term modifications are produced by large
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storms. A good deal of the recovery process 1s dependent upon
the unimpeded transport of sediment by natural processes. Sea-
walls, groins, dredging and channeling are all stresses which
impede the transport of sediment by natural processes. Each
of these stresses has a different impact on the system and the
system adjusts in a different manner to each type of stress.
For example, groins entrap sediment on their updrift sides and
produce erosion on their downdrift sides. Eventually the shape
of the shoreline will come into equilibrium with these obstruc-
tions and new routes of sediment transport along the beach will
result.

While seawalls protect lowland areas from storm waves,
they also restrict the exchange of sediment between the beaches
and dunes and in this regard they also inhibit recovery of
sediment to a storm-eroded beach. Seawalls also reflect much
of the energy from storm waves directly back toward the beach.
These high energy waves redirected toward the beach without much
energy loss may accelerate the erosion of the adjacent beach
until a new equilibrium profile is created for the new energy
condition. In many cases, both groins and seawalls are effec-
tive methods of stabilizing pcrtions of beach, however, their
design and installation must Lte considered carefully. Design
and installation must be effected in a manner to produce stress
on the mechanisms of erosion with as little impact as possible
on the functioning of the ecosystem. In general, an area of
shoreline erodes because of some imbalance in the energy-sedi-

ment budget. Groins and seawalls cannot solve the problem
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because they generally do not balance the budget.

Dredging and channeling are also stresses thatmay affect
the system. These activities may take sediment out of the
system, change shoreline profiles and produce a redistribution
of wave and current energy. The degree of influence produced
by this type of activity is dependent upon the magnitude of
the activity. The construction of an extremely large channel
or hole adjacent to a beach could have extensive erosive effects
upon the offshore shoals and the shoreline. 1In order to adjust
to the previous profile of equilibrium, sediment from the adja-
cent shoreline may be transported into the channel.

The creation of deep water adjacent to a previously shallow
water shoreline allows high energy waves to collide witlk the
shoreline before any energy can be dissipated on sand bars and
shoals. The redistribution of water flow through dredged
channels also may form new sediment transport patterns and cause
shifting of offshore shoals and bars. Ultimately these adjust-
ments may influence the sediment budget of adjacent areas of
shoreline and produce new erosion and accretion trends.

The dunes are alsc vulnerable to stresses that affect the
functioning of the system. The active portion of the dunes plays
a very important role in the functioning of the dune-beach-bar
system. If the natural shapes of these dunes or the interdepen-
dent plant species of these dunes are destroyed, then the dunes
may be destroyed. In general, the natural characteristics of the

active portions of the dune system must be preserved in order for
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the dunes to function in the ecosystem.

A Buffer Zone

A buffer zone necessary to protect the various components
of the dune-beach-bar system is difficult to define for the
Georgia coast because of the extreme variability of the system's
characteristics. In general, the buffer zone should be located
on the landward margin of the beach and on the seaward side
of the offshore shoals and bars.

While the width of buffer zcne landward of the dunes
cannot be defined uniformly for all areas of the coast, the
relationship of the dunes to the sedimentary activity of the
system can be used to.,develop general guidelines. The buffer
zone for the dunes is variable along the length of the shore
and is dependent upon the long range fluctuations of the shore-
line, and the seasonal fluctuations of dune character. On
stable or accreting shorelines, the buffer zone should extend
to at least halfway between the first and second continuous and
semi-stable dune ridges landward of the ocean. In historically
retreating or unstable areas, the width of the buffer zone
should be based upon the 100 year rate of shoreline retreat
and the seasonal variability of the shoreline and dune ridges.

The buffer zone for offshore bars and offshore shoals is
probably the most difficult to define because relatively little
is known of the processes of sediment transfer between these
features and the beach. Offshore bars often play an important

role in the exchange of sediment between the nearshore and the
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beach, thus, all offshore bars in the intertidal zone should
certainly be encompassed within the buffer zone. Around tidal
inlets, shoals from 0 feet to -12 feet also play important roles
in transferring sediment between the inshore zone and the beach.
Tidal currents and wave currents are the major mechanisms of
sediment transport at these shoals. If the pathsof these cur-
rents are in some way altered, then the natural exchange of
sand between the offshore and the beach could be impeded or tem-
porarily delayed. The area outlined by the -12 foot (mlw)
contour should be considered relatively important in defining a
buffer zone for the seaward limit of the dune-beach-bar system.
Although this eliminates most of the Georgian inlets (because
they are greater than 12 feet deep) it must be realized that
extreme increases of inlet volumes would have an adverse effect
on the stability of the =12 foot surface. The adjustment of
inlet volumes by dredging must be considered in the light of

the natural profiles of equilibrium for the area.
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CHAPTER 3

Terrestrial Ecology

of the
Georgia Barrier Islands

by
James I. Richardson
Department of Zoology
University of Georgia
and
Joanne S. Worthington

School of Forestry
University of Georgia

The Island Experience

A visitor, upon arriving for the first time on one of
Ceorgia's wild barrier islands, is immediately struck by a
feeling of isolation, a feeling that he has left the mainland
far behind and has entered arother world. He is probably
closer than he will ever be again, standing on the beach at
that moment, to sensing the real fabric of the island ecosystem.
The sculptured trees leading back from the dunes, the pounding
surf, the salt on his face left by the wind, the raccoon taking
one more egg from last night's turtle nest, all add to the

inescapable knowing that here is a world which has been born

35



of the physigal forces which surround it.

The visitor is correct, for islands are different from the
mainland. Island communities are molded and remolded by the
winds, by the sand and salt, by the very isolation which makes
an island what it is. The tragedy is that man's emotions are
soon left to children and artists, and his priorities shaped by
his need for comfort. Our visitor will probably end his island
stay more annoyed by blowing sand which ruined his picniec lunch
than impressed by the dynamics of a dune community. He will
return home with a dose of chiggers and fail to support a
controversial environmental protection bill. When he again
returns to the island, he may find a comfortable ocean-front
motel but no dunes. He will find the ocean but perhaps no
beach. He may drive to his motel over a new causeway and not
visit an island at all.

At another time and another place, our friend might have
made his first visit to a Cumberland Island National Seashore
or the equivalent. Hopefully, he will still arrive by boat,
and his first impression will still be one of remoteness, of
island forests and pounding surf. His first view on the ocean
beach will be from a raised trail through sea ocat dunes and not
from a car window. His lodging that night may be comfortable,
but it will not be a motel with a protective seawall. Most
important of all, his initial inspiration and curiosity will be
caught and reinforced by an interpretive program of coastal

ecology, with all of its fascinating ramifications.
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A knowledge of coastal ecology is essential for establish-
ing development guidelines and constraints, and for working
within the natural community without destroying its identify.
Our visitor may be one of several thousand to visit Cumberland
Island that day, yet his impression can still be one of isola-
tion and natural beauty. A knowledge of coastal island ecology
also has an important educational role. Strong supporters of
wilderness and open-space are often those who have learned to
read and enjoy a natural ecosystem as one would read and enjoy
a book. Awareness breeds appreciation and respect.

This paper summarizes what we know about the terrestrial
ecology of Georgia barrier islands, the physical environment
which shapes the: island community, and the strategies of
survival employed by its members. Also discussed are values of
component parts to the natural island system and the vulnera-
bility of the system to changes by man. The description of
terrestrial island ecology as a means of increasing man's

awareness of his environment is a self-evident value.

Physical Factors Shaping Coastal Island Ecology

A community develops in response to the forces which act
upon it. Some communities (dzsserts, tundra) must respond
primarily to physical forces such as extremes in temperature
and humidity. Other communities (tropical rain forest) develop
where physical forces are consistently optimum and respond

primarily to biotic forces which develop within the community.
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Georgia coastal island communities fall somewhere between these
two extremes and respond to a variety of physical and biotic
forces. However, as one moves from the adjacent mainland to
large Pleistocene islands, and then to small Holocene islands,
there is a distinct shift in community structure in response to
the increasing intensity of several physical factors.

1. Geologic Factors

| The geology of Georgia coastal islands has been summarized
by Hoyt (1867, 1968), although aspects of his thesis are
currently being debated. A number of specific points are
applicable to coastal ecology:

a) barrier islands are probably formed by dunes and
not off-shore bars. This is based on the observation that
the parent surface material of the islands i1s almost pure
quartz sand, with little clay, silt, or shell material.
The adjacent mainland consits of a variety of relic
lagoonal and barrier island complexes, adding diversity to
mainland soils relative to island soils.

b) the present coastal islands are of two historical
ages (Figure 3-1). The larger islands are primarily Pleisto-~
cene (25,000-30,000 BP) and have eroded over the years to
form a rather flat terrain. Eastward of this chain is a
second chain of smaller islands formed during the Holocene
(5000 BP to present). Additional material of Holocene
origin has also been deposited on the eastward or ocean

side of most Pleistocene islands. The topography of
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Holocene formations consists of dune ridges and swales

that have changed little since the islands were formed.

Drainage patterns are highly dissected. The drainage on

dunes is very rapid. Soil conditions on Holocene forma-

tions are less developed (see. description of island soil).
c) there is a continual reworking (erosion and deposi-
tion) of natural shorelines, differing in intensity from
island to island, which can amount to the addition or
removal of hundreds of acres of elevated (above tidal
inundation) island terrain within a few years. Such
reworking affects both Holocene and Pleistocene formations.

Areas of recent deposition have virtually no soil profile

and are described and mapped as "coastal beach" (Wilkes,

et al.,1374).

Twelve barrier islands are listed in Table 3-1, along with
estimates of total non-salt marsh acreage (Johnson,et al.,1971)
and a very rough approximation for each island of the percen-
tage of Holocene versus Pleistocene deposits, based on Figure 3-
(Hoyt, 1968). Several observations can be made:

a) Pleistocene islands, as used in this paper,

are barrier islands which consist roughly of fifty percent

or more of Pleistocene deposits, the remainder being Holo-

cene in origin. There are six islands in this category:

Cumberland Island, Jekyll Island, St. Simons Island, Sapelo

Island, St. Catherines Island, and Ossabaw Island.

b) Holocene islands, as used in this paper, are

1
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Figure 3-1

Geologic Ages of
Barrier Islands

WASSW island

& Holocene deposits
& Pleistocene deposits:

(] 5 10

——— i n‘\ile.S

Source: Hoyt, J. H., 1968, "Geology of the Golden Isles and
Lower Georgia Coastal Plain," in the Future of the
Marshlands and Sea Islands of Georgia. Edited by
D. S. Maney, F. C. Marland, and C. B. West. Published

by the University of Georgia Marine Institute and the
40 CAPDC. pp. 18-3u.




Table 3-1

Summary of Total Acreage and Geologic
Ages of Georgia Barrier Islands®

Island Total Acreage ** Holocene Pleistocene
(Iess than ~(20,000 to
5000 years) 40,000 years)
Pct. Acreage Pct. Acreage
Tybee 3,100 100% 3,100 0 0
Wassaw 2,500 100% 2,500 0 0
Ossabaw 11,800 50% 5,900 50% 5,900
St. Catherines 7,200 40% 2,880 60% 4,320
Blackbeard 3,900 100% 3,900 0 0
Sapelo 10,900 10% 1,090 90% 9,810
Little St. Simons 2,300 100% 2,300 0 0
Sea Island 1,200 100% 1,200 0 0
St. Simons 12,300 10% 1,230 90% 11,070
Jekyll 4,400 20% 880 80% 3,520
Little Cumberland 1,600 100% 1,600 0 0
Cumberland 15,100 10% 1,510 90% 13,590
TOTAL 76,300 37% 28,090 63% 48,210

* Total acreage estimates are from Johnson, A. S. et al (1971).
Acreage distributed to Holocene and Pleistocene are approxi-
mated from map (Figure 1) of the coastal islands in Hoyt,

J. H. (1968).

#% TIncludes forested area, pastures, beaches, and dunes, and
freshwater marshes and ponds. Does not include salt marsh.
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barrier islands which consist entirely of Holocene deposits.
There are six islands in this category: Little Cumberland
Island, Sea Island, Little St. Simons Island, Blackbeard
Island, Wassaw Island, and Tybee Island. There are numerous
other, minor islands in addition to the ones listed here.

c) "Holocene deposits" refers to the geologic origin of
the subsoil and represents a condition which is found on all
twelve islands. Likewise, "Pleistocene deposits" is a
geologic term referring to the origin of specific subsoil
deposits on a portion of the six Pleistocene islands.

d) As a general rule, large islands support more species
of plants and animals than small islands (MacArthur and
Wilson, 1967). The Georgia Pleistocene islands represent
larger land masses, averaging four times the land mass of
Holocene islands. However, Blackbeard Island (3900 acres),
the largest of the Holocene islands, is almost as large as
Jekyll Island (4400 acres), the smallest of the Pleistocene
islands. In addition, the Pleistocenelislands exhibit the
added diversity of both Pleistocene and Holocene terrain,
providing another reason for a greater floral and faunal
diversity on the larger Georgia islands.

e) Isolation is another important phenomenon which
affects island ecology (MacArthur and Wilson, 1967). The
Georgia barrier islands are isolated from the mainland and
from each other by varying distances of salt marsh, tidal

creeks, and estuaries. Obviously, these islands are not



equally isolated, but there has been no attempt to measure

the varying degrees of isclation. How the isolation factor

affects coastal island ecology will vary from island to
island and depends on the mobility of the species of plant
or animal in question.

Two points must be kept in mind. First, the thesis of
isolation and island ecology (MacArthur and Wilson, 1967) has
been developed primarily for isolated oceanic islands and not
continental islands such as the Georgia islands which are in
close proximity to populations on the mainland. Secondly, the
Georgia Pleistocene islands were connected to the mainland prior
to their insularization by a rising sea level (Hoyt, 1967, 1968).
Thus, a full complement of mainland flora and fauna was probably
originally present, while any species absent today may represent
extinctions due to man or the restructuring of the habitat and
not to the inability of mainland species to cross salt water
barriers.

2. Hydrologic Factors

Artesian water below the coastal island provides the
primary source of water for human consumption (McCallie, 1908).
Wise management of the principal artesian aquifer is essential
to the future of man on the coastal islands. Except for arti-
ficial irrigation, however, this source of water is inaccessible
to island plants and animals. The natural island ecosystem
depends on a shallow, island water table.

The island water table (Tigure 3-2) has been described as
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a lens of fresh water floating on salt water within the porous
material of the island subsurface (Brown, 1925; Crandell, 1962).
The concept of a fresh water lens is particularly applicable to
small, sandy coastal islands (Brown, 1925). Because the specific
gravity of fresh water (sp. = 1.00) is less than that of salt
water (sp. = 1.025), the fresh water lens behaves like an
iceburg, floating some forty feet below sea level for every
foot above sea level.

Rain is the only source forrecharging island ground water.
As rain collects on the island, its weight induces a flow of
water down and laterally, ultimately discharging below sea
level along the margins of the island. This one-way flow of
water prevents salt water from intruding into surface layers
where high chlorinity would kill the dense mat of roots.

The existence of a fresh water lens has been assumed for
a permeable barrier island south of Long Island, New York (Art,
1973) and will be assumed in some form for Georgia coastal
islands. The existence of such a fresh water lens requires
uninterrupted permeability of ground water to a depth 40 times
its height above sea level as well as contact along its lower
surface with intruding salt water. The presence of impermeable
barriers such as limestone strata reduce the size of the
reservoir but do not change the concept of a large, underground
reservoir which ameliorates fluctuations in the ground water
level, prevents salt water intrusion, and induces a lateral

flow of fresh water to the ocean.
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The level of the water table above sea level is lowered
as ground water is removed from the system by lateral flow,
evaporation, and transpiration (Figure 3-2). The water table
rises when rain recharges the supply of ground water. The ratio
of surface (size of island) to volume (quantity of water in the
lens) explains why a given amount of rain induces a magnitude
of change in the water table which is inversely proportional to
the size of the island. In other words, water levels on small
Holocene islands will be more critically affected by rainfall
than on larger islands of primarily Pleistocene origin.

3. Wind and Salt

Scientists have debated the relative effects of wind and
salt on dune communities for years. Several papers (Art, 1973;
Boyce, 1954; Martin, 1959) go a long way in resolving differences
and establishing facts.
a) Tiny droplets of salt water are ejected into the
air from breaking waves. Wind speeds generally in excess
of ten miles per hour carry great quantities of these
droplets onto the islands. Most of the airborne salt is
deposited within 350 meters of the surf line (Martin, 1959).
At 1000 meters, airborne salt is approximately one percent
of the concentration measured at the surf line.
b) Airborne salt deposited on leaf and twig surfaces
is injurious to plants, depending on the concentration of
salt and the susceptibility of the species involved (Boyce,

1954). Tolerant species are selected in the exposed fore-
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dunes. Exposed twigs and leaves of less resistant species
are killed, causing a natural pruning effect which results
iﬁ the characteristic stape of the island canopy facing the
ocean. Fine structures (grass blades, pine needles)
collect greater salt concentrations than broad surfaces
(oak leaves). Given equal tolerances, pines will be killed
before oak trees.

¢) A number of mineral nutrients essential to plant
growth are made available to the island community only in
the form of airborne salts deposited on foliage (Art, 1973).
Thus, airborne salts must be considered as an essential
nutrient source as well as an injurious defoliant.

d) Eventually, there is formed over the leading edge
of the coastal islands a characteristic forest canopy which
is smooth, dense, and shaped like an airfoil (Figure 8-3).
Concentrations of airborne salts beneath the canopy are
very low relative to the air stream above (Boyce, 1954).
Disruption of the canopy, natural or otherwise, exposes
trees which are not acclimated to high salt concentrations
and wind buffeting. Severe trauma and injury to foliage
is the common result.

e) Relative to big islands, a greater percentage of
vegetation on small islands is affected by airborne salt,
based on the estimate that salt droplets rarely travel
farther than 1000 meters from the surf line. Smaller

Holocene islands represent a more rigorous salt-affected
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environment relative to larger, primarily Pleistocene
islands and the distant mainland.

f) Salts 